Experimental Study of RF/Microplasma Interaction Using an Inverted Microstrip Line by Pizarro, Francisco et al.
 To cite this document: Pizarro, Francisco and Pascaud, Romain and Pascal, Olivier and 
Callegari, Thierry and Liard, Laurent Experimental Study of RF/Microplasma Interaction 
Using an Inverted Microstrip Line. (2013) In: Antennas and Propagation (EuCAP), 2013 
7th European Conference on, 08 April 2013 - 12 April 2013 (Gothenburg, Sweden). 
Open Archive Toulouse Archive Ouverte (OATAO)  
OATAO is an open access repository that collects the work of Toulouse researchers and 
makes it freely available over the web where possible.  
This is an author-deposited version published in: http://oatao.univ-toulouse.fr/  
Eprints ID: 10033 
Any correspondence concerning this service should be sent to the repository 
administrator: staff-oatao@inp-toulouse.fr 
 
cX@c!\RMP:.JcMJ<:R:J1:cMJcJX:JJ.Uc.J5c&RMP.>.XBMJc!\&c

  

 

	 
   
"S/K2CV2Nc 'C`/SSNc (NG/CKc '/V2/]6c %FC^C;Sc '/V2/FZc *AC;SS_c  /FF;?/SCZc /K6c$/]S;KYc $C/S6+c
7QK]AUXKYBc @Ac6R\NR\XA"c -5%)c ()25c 6R\NR\XAc*U=Q?Ac
)P=KN"c DSKa=UURYRUUAX$KX=ADUc
[7QK]AUXKYBc@Ac 6R\NR\XA"c 735c -136c/%3/%')c6R\NR\XAc *U=Q?Ac
#'145"c /%3/%')c 6R\NR\XAc*U=Q?Ac
#%!%
$-   "-  "$&$- - * "&- $&'+- - &-
" $- &"&- +- &- '$- - - ("&-"$&" -
- " $- $"$-  "$&-  +$- "&"$&$-
&&- +- - &"$&- "- "'"- -  &$- 1u
$'"&- $&' - &&- $$&$- - - %u `u ("&- "$&" -
- )&- - $- "- $- $"-  - - &$- &"-
$-  " $- &- $'"- &- " $- &"&- 
-
"&",&- $-$--&-'-- &- $-$"-
("- &- 	-  "&"$- - &- - 	("- $'"&$- "-
 "$&- 
- - &$- - &-  $- $"- - &-
&"$$$- - "- - $&- "$- - &- "&-  )"-
$- )- $- - $" &- - &- &-  )"-
<aRWpu !#("&- "$&" - -  $- $"-
" $- &"&-
-c #)3/*53!*)\
-Qc YJAc XA=U?Jc RDc QA^c 4*c ?RPSRQAQYXc =Q@c D\Q?YKRQ=NKYKAXc
SN=XP=c @KX?J=UIAXc =SSA=Uc =Xc KQYAUAXYKQIc ?=Q@K@=YAXc >A?=\XAc
RDc YJAKUc SJ`XK?=Nc ?J=U=?YAUKXYK?Xc %c SN=XP=c PA@K\Pc A_JK>KYXc
=c ?RPSNA_c SAUPKYYK]KY`c ^JK?Jc KXc =c D\Q?YKRQc RDc YJAc ANA?YURQc
@AQXKY`c =Q@c ?RNNKXKRQc DUAT\AQ?`c RDc YJAc SN=XP=c -Yc Y\UQXc R\Yc
YJ=Yc >RYJcS=U=PAYAUXc ?=Qc>Ac?RQYURNNA@c>`cPR@KD`KQIcYJAc Y`SAc
RDc I=Xc KYXc SUAXX\UAc =Q@c YJAc SR^AUc KQLA?YA@c YRc YJAc @KX?J=UIAc
6JAUADRUAc YJAUAc =UAc XA]AU=Nc PA=QXc YRc ?RQYURNc YJAc ?RPSNA_c
SAUPKYYK]KY`cRDc YJAcSN=XP=c&AXK@AXc^JAQcYJAcSN=XP=cPA@K\Pc
KXc QRYc SUAXAQYc KAc RDDc XY=YAc KYc UAP=KQXc ANA?YURP=IQAYK?=NN`c
YU=QXS=UAQYc NKMAc ]=?\\Pc
5A]AU=Nc 4*c @A]K?AXc J=]Ac >AAQc @A]ANRSA@c YRc A_SNRKYc YJAc
@KANA?YUK?c SURSAUYKAXcRDc YJAc SN=XP=cPA@K\Pc ;<
; <c,R^A]AUc
DA^cXY\@KAXcJ=]Ac?RQXK@AUA@cYJAc?J=U=?YAUKa=YKRQcRDcYJAcKQYAU=?b
YKRQc>AY^AAQc=c4*c ANA?YURP=IQAYK?c^=]Ac=Q@c=c ]AU`c NR?=NKaA@c
PK?URSN=XP=c @KX?J=UIAc 4A?AQYN`c =c PA=X\UAPAQYc XAY\Sc J=Xc
>AAQc SURSRXA@c =Q@c \XA@c YRc A]=N\=YAc YJAc 4*PK?URSN=XP=c
KQYAU=?YKRQc ;<c -Yc ?RQXKXYXc RDc =c c Gu PK?URXYUKSc NKQAc ^KYJc
=c 0K?UR,RNNR^c '=YJR@Ac 5\XY=KQA@c (KX?J=UIAc 0'5(c KQc
KYXc ?AQYAUc ;<c ;<c 6JAc 0'5(c J=Xc YJAc S=UYK?\N=UKY`c YRc
IAQAU=YAc=c]AU`cNR?=NKaA@c=Q@c^ANNc?RQYURNNA@cSN=XP=c@KX?J=UIAc
6JAc KQYAU=?YKRQc >AY^AAQc YJKXc SN=XP=c @KX?J=UIAc =Q@c YJAc 4*c
ANA?YURP=IQAYK?c ^=]Ac J=Xc >AAQc A]=N\=YA@c >`c PA=X\UKQIc YJAc
X?=YYAUKQIcS=U=PAYAUXc UAHA?YKRQc=Q@cYU=QXPKXXKRQc?RADG?KAQYXc
RDcYJAcYU=QXPKXXKRQcNKQAc,R^A]AUc@\AcYRcYJAc@KANA?YUK?c?RQYU=XYc
>AY^AAQc YJAcX\>XYU=YAc     c =Q@c YJAc UAIKRQc ]=?\\Pc YJ=Yc
JRXYXc YJAc SN=XP=c YJAc 4*c ANA?YUK?c GAN@c YAQ@Xc YRc XY=`c KQc YJAc
X\>XYU=YAc KQXYA=@c RDc SAQAYU=YKQIc KQc YJAc SN=XP=c 6JKXc GQ=NN`c
UA@\?AXc YJAc KQYAU=?YKRQc>AY^AAQc YJAc4*c ANA?YURP=IQAYK?c^=]Ac
=Q@c YJAcSN=XP=c @KX?J=UIAc
6JAc\XAcRDcYJAcKQ]AUYA@cPK?URXcYUKScNKQAcYA?JQRNRI`cKXcXY\@KA@c
KQc RU@AUc YRc KQ?UA=XAc YJAc 4*PK?URSN=XP=c KQYAU=?YKRQc %c QA^c
PA=X\UAPAQYcXAY\ScYJ=Yc?RQXKXYXc KQc=c cGu KQ]AUYA@cPK?URXYUKSc
NKQAc ^KYJc =Qc KQYAIU=YA@c0'5(c KXc YJAUADRUAcSURSRXA@c
--c -&1'\!1 /\
6JAc SN=XP=c PA@K\Pc KXc =Qc KRQKaA@c I=Xc P=?URX?RSK?=NN`c
QA\YU=NcYJ=Yc?=Qc>AJ=]Ac=Xc=c?RQ@\?YKQIcPA@K\Pc\Q@AUc?AUY=KQc
?RQ@KYKRQXc2QAc^=`c YRcIAQAU=YAc=cSN=XP=c=Yc =P>KAQYc YAPSAUb
=Y\UAc KXc>`c =SSN`KQIc=Qc ANA?YURP=IQAYK?cGAN@c ('cRUc%'c YRc=c
I=Xc6JKXcGAN@cIK]AXcAQAUI`cYRcYJAcDUAAcANA?YURQXcSUAXAQYcKQcYJAc
I=Xc ?=\XKQIc YJAKUc =??ANAU=YKRQc 6JKXc SJAQRPAQRQc =NXRc ?=NNA@c
=]=N=Q?JAc >UA=M@R^Qc NA=@Xc YRc YJAc SUR@\?YKRQc RDc =Qc ANA?YUK?c
@KX?J=UIAc ?UA=YKQIc YJAc SN=XP=cPA@K\Pc
6JAc SN=XP=c PA@K\Pc ?=Qc >Ac @AX?UK>A@c >`c KYXc KRQKa=YKRQc
@AIUAAc c^JK?Jc KXc IK]AQc>`"c
 u c
^KYJc  YJAc ANA?YURQc @AQXKY`c =Q@c  YJAc QA\YU=Nc @AQXKY`c 6JAc
0'5(cYRSRNRI`cYJ=YcKXc\XA@cKQcYJKXcXY\@`cIAQAU=YAXc@KX?J=UIAXc
^KYJc =Qc KRQKa=YKRQc @AIUAAc RDc c 
c 
9KYJc YJKXc NR^c
KRQKa=YKRQc @AIUAAc YJAc SN=XP=c PA@K\Pc KXc @AGQA@c =Xc =c QRQb
AT\KNK>UK\Pc ?RN@c SN=XP=c -Qc YJKXc MKQ@c RDc SN=XP=c YJAc JA=]`c
S=UYK?NAXcMAAScYJAKUcYAPSAU=Y\UAc?NRXAcYRc YJAcURRPcYAPSAU=Y\UAc
^JKNAc YJAc ANA?YURQXc=UAc^=UPA@cAQR\IJcYRc SUR@\?Ac?RNNKXKRQXc
6JAc ?RPSNA_c UAN=YK]Ac SAUPKYYK]KY`c RDc =c ?RN@c SN=XP=c ?=Qc
>Ac @AGQA@c\XKQIc YJAc DRNNR^KQIc(U\@AXcPR@ANc ;<"c
      
^JK?Jc ?=Qc =NXRc >Ac A_SUAXXA@c=X"c
c
    	 		 c u	 u	
^JAUAc  U=@Xc KXc YJAc 4*c S\NX=YKRQc RDc YJAc ANA?YURP=IQAYK?c
^=]Ac KQYAU=?YKQIc ^KYJc YJAc SN=XP=c  YJAc SN=XP=c ?RNNKXKRQc
DUAT\AQ?`c XOc =Q@c YJAc SN=XP=c S\NX=YKRQc U=@Xc @AGQA@c
=X"c
 c
				cac #!!!c c
cX@c!\RMP:.JcMJ<:R:J1:cMJcJX:JJ.Uc.J5c&RMP.>.XBMJc!\&c
)c=QL[I4cOE-I9c
*KIc"c (c ]KA^cRDc YJAcPA=X\UAPAQYc@A]K?Ac
^JAUAc H7c KXc YJAc ANA?YURQc @AQXKY`c fu YJAc ANA?YURQc ?J=UIAc =Q@c
WCc YJAc ANA?YURQcP=XXc
)T\=YKRQXc c =Q@c c XJR^c YJ=Yc YJAc ?RPSNA_c UAN=YK]Ac SAUb
PKYYK]KY`c RDc YJAc SN=XP=cPA@K\Pc@ASAQ@XcRQc>RYJc YJAc ANA?YURQc
@AQXKY`cH7c =Q@c YJAcSN=XP=c ?RNNKXKRQcDUAT\AQ?`c  3U=?YK?=NN`c
H7c KXcUAN=YA@cYRcYJAcSR^AUcKQLA?YA@cYRcYJAc@KX?J=UIAc=Q@cYJAcI=Xc
SUAXX\UAc^JKNAc@ASAQ@XcRQcYJAcY`SAcRDcI=Xc=Q@cKYXcSUAXX\UAc
-QcRU@AUcYRcKQ?UA=XAcYJAcANA?YURQc@AQXKY`cH7cKYcKXcQA?AXX=U`cYRc
U=KXAc YJAc?\UUAQYcKQLA?YA@cYRcYJAc@KX?J=UIAc,R^A]AUc=XcXJR^Qc
KQc )T\=YKRQc .c YJAc ANA?YURQc @AQXKY`c J=Xc =c P=_KP\Pc ]=N\Ac
KQc RU@AUc YRc UAXSA?Yc YJAc ?RQ@KYKRQc RQc Tc DRUc =c ?RN@c SN=XP=c %Xc
=c ?RQXAT\AQ?Ac YRc R>Y=KQc JKIJAUc ANA?YURQc @AQXKY`c RQAc P\XYc
KQ?UA=XAc YJAc I=Xc SUAXX\UAc'RQ?AUQKQIc YJAc ?RNNKXKRQc DUAT\AQ?`c
 KYXc ]=N\Ac KQ?UA=XAXc =NXRc ^KYJc YJAc SUAXX\UAc
*KQ=NN`c RQAc ?=Qc YJARUAYK?=NN`c ?RQYURNc YJAc ANA?YURQc @AQXKY`c
=Q@c YJAc?RNNKXKRQcDUAT\AQ?`cRDc YJAcSN=XP=c YRc ]=U`c KYXc ?RPSNA_c
SAUPKYYK]KY`c=Q@cXRcPR@KD`cYJAc^=`c YJAcSN=XP=cKQYAU=?YXc^KYJc
=Qc KQ?K@AQYc ANA?YURP=IQAYK?c^=]Ac
---c (15/')3\6!\
6JAc PA=X\UAPAQYc @A]K?Ac ?RQXKXYXc RDc =c c ^u KQ]AUYA@c PKb
?URXYUKSc NKQAc ^KYJc =c XKQINAc 0'5(c SN=?A@c KQc KYXc ?AQYAUc *KIb
\UAcc-YXc R>LA?YK]Ac KXc YRcPA=X\UAc YJAc KQH\AQ?AcRDc YJAc0'5(c
R]AUcYJAc 5cS=U=PAYAUXcRDc YJAc KQ]AUYA@cPK?URXYUKScNKQAc DURPcc
YRc c +,ac 6JAc P=KQc @KFAUAQ?Ac ^KYJc YJAc SUA]KR\Xc PA=X\UAb
PAQYc XAY\Sc KXc YJAc =>XAQ?Ac RDc @KANA?YUK?c ?RQYU=XYc >AY^AAQc YJAc
UAIKRQc^JAUAcYJAc4*cANA?YURP=IQAYK?c^=]AcSURS=I=YAXc=Q@cYJAc
UAIKRQc YJ=Yc JRXYXc YJAc SN=XP=c ;<c
*KI\UAc c SUAXAQYXc =c ?\Yc ]KA^c RDc YJAc QA^c @A]K?Ac 2QAc ?=Qc
XAAc YJAc YJUAAc ?RSSAUc ANA?YUR@AXc ?RQGI\U=YKRQc YJ=Yc KXc \XA@c YRc
?UA=YAcYJAc0'5(c -QcRU@AUcYRcIAQAU=YAcYJAcSN=XP=c@KX?J=UIAc=c
('c ]RNY=IAc KXc =SSNKA@c>AY^AAQc YJAc2MmXcQVu =Q@c YJAc0_cQVu  u
AXY=>NKXJKQIc =cGUXYc @KX?J=UIAc?RQGQA@c KQc YJAc JRNAc RDc @K=PAYAUc
/u>AY^AAQcYJAXAcY^RcANA?YUR@AXc1RYAcYJ=Yc=cYJKQc=N\PKQ=cXJAAYc
KXcSN=?A@c>AY^AAQcYJAc2MmXcQVu =Q@cYJAc0_cQVu  u YRcANA?YUK?=NN`c
KXRN=YAc YJAPc YRIAYJAUc *KQ=NN`c =c ('c ]RNY=IAc KXc =SSNKA@c YRc
YJAc0_cQVu "u 6JKXc SRN=UKa=YKRQc ]RNY=IAc S\NNX\Sc YJAc @KX?J=UIAc
*KIc "c '\Yc ]KA^cRDc YJAcPA=X\UAPAQYc@A]K?Ac
*KIc"c (AY=KNc RDc YJAc KQ]AUYA@cPK?URXYUKSc NKQAc
R\YXK@Ac YJAc JRNAc AXY=>NKXJKQIc =c N=UIAUc ]RN\PAc @KX?J=UIAc DURPc
YJAc 2MmXcQVu YRc YJAc0_cQVu "u
-QcRU@AUc YRcP=MAcYJAc4*PK?URXSN=XP=c KQYAU=?YKRQcSRXXK>NAc
=Qc KQ]AUYA@cPK?URXYUKSc NKQAc KXc SN=?A@c =Yc =c @KXY=Q?Ac 0c DURPc YJAc
0_cQVu  u1RYK?AcYJ=Yc YJKXc('cANA?YUR@AcKXc =NXRc\XA@c=Xc YJAc4*c
IUR\Q@cSN=QAc6JAcPK?URXYUKSc NKQAc KXc AY?JA@c KQc6=?RQK?c4*c
@KANA?YUK?cP=YAUK=Nc =Q@c KYXc IARPAYU`c KXc SUAXAQYA@c KQc *KI\UAc c
6JAcJRNAc@UKNNA@cKQcYJAc?AQYAUcRDcYJAc NKQAc=NNR^Xc=cXYU=KIJYcS=YJc
DRUc YJAc SN=XP=c @KX?J=UIAc DURPc YJAc 2MmXcQVu YRc YJAc0_cQVu "u
RDc YJAc 0'5(c ?RQGI\U=YKRQc 6JAc XJ=SAc RDc YJAc0_cQVu "u =Q@c
KYXc XAS=U=YKRQc 3c DURPc YJAc X\>XYU=YAc J=]Ac >AAQc RSYKPKaA@c YRc
PKQKPKaAc YJAKUc KQH\AQ?Ac RQc YJAc 5c S=U=PAYAUXc RDc YJAc KQ]AUYA@c
PK?URXYUKSc NKQAc
6JAc GQ=Nc ]=N\AXc RDc YJAc @A]K?Ac S=U=PAYAUXc =UA"c /u
	 
cjju .u 	  c Uju .u 	  cjju .u   cjju
.u 	  ]=UK=>NAc DURPc c =ju YRc c jju .u 	  c Uju
.u 	
  c Uju .u 	
  	cjju .u   	c jju .u
 	cjju ,u /ucjj.u 3c)u jju .u 38DW,ccjju
c 0ccjju -u 3iu  c c W,HTcc  	 cjju 
	c Uju
*KI\UAc c XJR^Xc YJAc XKP\N=YA@c =Q@c PA=X\UA@c 5c S=U=PAYAUXc
RDc YJAc @A]K?Ac %c IRR@c =IUAAPAQYc KXc R>XAU]A@c AXSA?K=NN`c RQc
YJAc YU=QXPKXXKRQc ?RADG?KAQYc 6JAc KQ]AUYA@cPK?URXcYUKSc NKQAc J=Xc
=c UAHA?YKRQc ?RADG?KAQYc >ANR^c c @&c =Q@c NAXXc YJ=Qc c @&c RDc
YU=QXPKXXKRQc NRXXAXc DURPcc YRc c +,ac
*KQ=NN`c YJKXc @A]K?Ac KXc KQXAUYA@c KQc =c ]=?\\Pc?J=P>AUc^JAUAc
YJAc S=U=PAYAUXc X\?Jc =Xc YJAc ANA?YUK?c ?\UUAQYc KQLA?YA@c YRc YJAc
@KX?J=UIAc YJAc Y`SAc RDc I=Xc =Q@c YJAc I=Xc SUAXX\UAc ?=Qc >Ac
?RQYURNNA@c
c
cX@c!\RMP:.JcMJ<:R:J1:cMJcJX:JJ.Uc.J5c&RMP.>.XBMJc!\&c
	
 ?u
AYZoLlTPu;A!u
 u !u   	 'u 
  u5hTeoT]OruF79tJu
*KIc "c 5KP\N=YA@c =Q@cPA=X\UA@c 5c S=U=PAYAUXc RDc YJAc KQ]AUYA@c
PK?URXYUKSc NKQAc^KYJR\Yc SN=XP=c
c
u
c
K$[uc ([u
*[u#u u c
c
c
$u c &u4gSdnS\NquD68sHu
;\ ,<;MATAR\ 1L\ ;T\ \ TORR\
$u c &u4gSdnS\NquD68sHu
=\ ,<;MATAR\ 1\ ;T\ \ TORR\
+u u
+u u
*KIc "c 0A=X\UA@c 5cS=U=PAYAUXcRDc YJAc KQ]AUYA@cPK?URXYUKScNKQAc
=Xc =c D\Q?YKRQcRDc YJAc DUAT\AQ?`c =Q@c YJAc ?\UUAQYc KQLA?YA@c YRc YJAc
SN=XP=c @KX?J=UIAc=Yc c YRUUc
-8c (15/')3\ /15&31\*\3 \0
'!/*,&1'\
!)3/3!*)\
*RUc YJKXc XY\@`c YJAc I=Xc ^=Xc =c PK_c RDc cc :AQRQc =Q@c   c
c 1ARQc =Yc Y^Rc @KFAUAQYc SUAXX\UAXc KAc c YRUUc =Q@c c YRUUc
XY=Q@=U@c=YPRXSJAUK?cSUAXX\UAcAT\=NcYRccYRUUc6JKXcY`SAcRDc
I=Xc KXc?JRXAQcYRcP=_KPKaAcKRQKa=YKRQc=Q@cXRcANA?YURQc@AQXKY`c
=Yc=cIK]AQcSUAXX\UAc6JAcAXYKP=YA@c?RNNKXKRQcDUAT\AQ?KAXc =UAc
=UR\Q@c !c  =Yc c YRUUc =Q@c !c  =Yc c YRUUc6JAc
c
u
bu c
$u c &u4gSdnS\NquE68sIu (u
;\ ,<;MATAR\ 1L\ ;T\ \ TORR\
$u c &u4gSdnS\NquE68sIu (u
=\ ,<;MATAR\ 1\ ;T\ \ TORR\
+u u
+u u
*KIc"c 0A=X\UA@c 5c S=U=PAYAUXc RDc YJAc KQ]AUYA@cPK?URXYUKSc NKQAc
=Xc =c D\Q?YKRQcRDc YJAc DUAT\AQ?`c =Q@c YJAc ?\UUAQYc KQLA?YA@c YRc YJAc
SN=XP=c@KX?J=UIAc=Yc c YRUUc
?\UUAQYc KQLA?YA@c YRc YJAc @KX?J=UIAc J=Xc >AAQc PR@KGA@c DURPc c
YRc cV%c -Qc YJAc ?RQGI\U=YKRQc XY\@KA@c JAUAc =NNc YJAc ?\UUAQYc
HR^Xc DURPc YJAc0_cQVu "u YRc YJAc 2MmXcQVu 0'5(cPR@Ac ^KYJc
QRc ?\UUAQYc YJUR\IJc0_cQVu  u
*KI\UAc c SUAXAQYXc YJAc 5c S=U=PAYAUXc =Xc =c D\Q?YKRQc RDc YJAc
DUAT\AQ?`c =Q@c YJAc ?\UUAQYc KQLA?YA@c YRc YJAc SN=XP=c @KX?J=UIAc
=Yc c YRUUc %Xc XJR^Qc KQc *KI\UAc =c YJAc UAHA?YKRQc ?RADG?KAQYc
KQ?UA=XAXc ^JAQc YJAc ?\UUAQYc KQLA?YA@c YRc YJAc @KX?J=UIAc KXc PRUAc
KPSRUY=QYc'RQ?AUQKQIcYJAc 5cS=U=PAYAUc *KI\UAc>c^Ac?=Qc
XAAc=cUA@\?YKRQcRDcYJAcYU=QXPKXXKRQc?RADG?KAQYc^JAQcYJAc?\UUAQYc
KXc KQ?UA=XA@c
*RUc =c >AYYAUc \Q@AUXY=Q@KQIc RDc YJAc KQYAU=?YKRQc >AY^AAQc YJAc
4*cANA?YURP=IQAYK?c^=]Ac=Q@cYJAcPK?URSN=XP=c@KX?J=UIAcKYc KXc
\XAD\Nc YRc NRRMc=Yc YJAcSR^AUc>=N=Q?AcRDc YJAc KQ]AUYA@cPK?URXYUKSc
NKQAc *RUc A_=PSNAc =Yc c +,ac ^JAQc YJAUAc KXc QRc SN=XP=c
@KX?J=UIAcKQc YJAc@A]K?Ac YJAcYU=QXPKXXKRQcNKQAc YU=QXPKYXcc
RDc YJAc KQLA?YA@c SR^AUc ^JKNAc c KXc UAHA?YA@c =Q@c  c
KXc NRXYc KQc YJAc NKQAc %Yc YJAc X=PAc DUAT\AQ?`c ^JAQc =c SN=XP=c
@KX?J=UIAc^KYJc=c?\UUAQYcRDcckuKXcSUAXAQYcYJAcYU=QXPKXXKRQc
NKQAcYU=QXPKYXccRDcYJAcKQLA?YA@cSR^AUc^JKNAccKXcUAHA?YA@c
=Q@c c KXc NRXYc KQc YJAcPA=X\UAPAQYc XAY\Sc -Dc ^Ac =XX\PAc YJ=Yc
YJAcSN=XP=c@RAXcQRYcXKIQKG?=QYN`cPR@KD`c YJAc NRXXAXc@\AcYRc YJAc
YU=QXPKXXKRQc NKQAc @KANA?YUK?c =Q@c ?RQ@\?YRUc NRXXAXc ^Ac P=`c
@A@\?AcYJ=YcYJAUAcKXc ccRDcYJAcSR^AUcKQLA?YA@cYJ=YcKXc NRXYc KQc
c
cX@c!\RMP:.JcMJ<:R:J1:cMJcJX:JJ.Uc.J5c&RMP.>.XBMJc!\&c
YJAc @KX?J=UIAc *RUc YJKXc ?RP>KQ=YKRQc RDc SUAXX\UAc ?\UUAQYc =Q@c
DUAT\AQ?`c ^Ac ?=Qc ?RQ?N\@Ac YJ=Yc YJAc SUAXAQ?Ac RDc YJAc SN=XP=c
NA=@Xc YRc =Qc KQ?UA=XAc RDc YJAc UAHA?YA@c =Q@c NRXYc SR^AUXc
*URPc=QcANA?YURP=IQAYK?cSRKQYcRDc ]KA^c YJAXAcPR@KG?=YKRQXc
?=Qc >Ac A_SN=KQA@c >`c =c ?J=QIAc RDc YJAc NR?=Nc ?RPSNA_c SAUPKYb
YK]KY`c RDc YJAc PA@K\Pc DURPc ]=?\\Pc YRc SN=XP=c %??RU@KQIc
YRc )T\=YKRQc c YJAc UA=Nc S=UYc RDc  P=`c >Ac NR^AUc YJ=Qc :u
=Q@c A]AQc QAI=YK]Ac @ASAQ@KQIc RQc YJAc I=Xc SUAXX\UAc =Q@c YJAc
?\UUAQYcKQLA?YA@cYRcYJAc@KX?J=UIAc^JK?JcNA=@XcYRc=cPKXP=Y?JKQIc
>AY^AAQc YJAc ]=?\\Pc=Q@c YJAc SN=XP=cPA@K\Pc6JAc KP=IKQ=U`c
S=UYcRDc P=`c =Xc^ANNcPR@KD`c YJAcP=Y?JKQIc?RQ@KYKRQc>\Yc KYXc
P=KQc?RQYUK>\YKRQcKXc YRc KQ?UA=XAcYJAcNRXXAXcKQc YJAcPA@K\Pc=Q@c
YJAUADRUAc UA@\?KQIc YJAc YU=QXPKYYA@cSR^AUc*URPc)T\=YKRQc c
^AcQRYK?AcYJ=YcYJAcP=_KP\Pc]=N\AcDRUcYJAcKP=IKQ=U`cS=UYcRDc
KXcR>Y=KQA@c^JAQcYJAcS\NX=YKRQcRDcYJAcKQ?K@AQYcANA?YURP=IQAYK?c
^=]Ac KXc AT\=Nc YRc YJAc?RNNKXKRQcDUAT\AQ?`cRDc YJAcSN=XP=c YJ=Yc KXc
YRc X=`c    AIcc+,ac =Yc c YRUUc
*KI\UAc c SUAXAQYXc YJAc 5c S=U=PAYAUXc =Xc =c D\Q?YKRQc RDc YJAc
DUAT\AQ?`cDRUc@KDDAUAQYc?\UUAQYXc=YccYRUUc9AcR>XAU]AcYJAcX=PAc
>AJ=]KRUc DRUc >RYJc S=U=PAYAUXc 5c::u =Q@c 5c ^JAQc ?RPS=UA@c
^KYJcYJAcSUA]KR\Xc?=XAcKAc=cSUAXX\UAcRDccYRUUc1A]AUYJANAXXc
KYc ?=Qc >Ac XAAQc RQc *KI\UAc >c YJ=Yc YJAc DUAT\AQ?`c ^JAUAc YJAc
YU=QXPKXXKRQc NRXXAXc =UAcP=_KP\PcJ=Xc XJKEZA@c^JAQc?RPS=UA@c
^KYJc YJAcPA=X\UAPAQYXc =Yc c YRUUc
8c *)&51!*)\
%c PA=X\UAPAQYc @A]K?Ac DRUc YJAc ?J=U=?YAUKa=YKRQc RDc YJAc
4*PK?URSN=XP=c KQYAU=?YKRQc J=Xc >AAQc SUAXAQYA@c 6JKXc @A]K?Ac
RDDAUXc YJAc SRXXK>KNKY`c RDc ?RQYURNNKQIc XA]AU=Nc S=U=PAYAUXc RDc YJAc
@KX?J=UIAc Y`SAcRDcI=XcI=XcSUAXX\UAc=Q@cSR^AUcKQLA?YA@cYRcYJAc
@KX?J=UIAc KQc RU@AUc YRc XAAc YJAKUc KQH\AQ?Ac
0A=X\UAPAQYXc J=]Ac >AAQc @RQAc DRUc Y^Rc I=Xc SUAXX\UAXc c
=Q@c c YRUUc =Q@c @KDDAUAQYc ?\UUAQYXc KQLA?YA@c YRc YJAc @KX?J=UIAc
6JAc UAX\NYXc J=]Ac XJR^Qc YJ=Yc YJAc P=KQc ADDA?YXc RDc YJAc SN=XP=c
@KX?J=UIAcRQc YJAc YU=QXPKXXKRQc NKQAc=UAc =c XNKIJYc KQ?UA=XAcRDc YJAc
UAHA?YA@cSR^AUc=Xc^ANNc=Xc=Qc=>XRUSYKRQcRDcYJAcKQ?K@AQYcSR^AUc
*\Y\UAc^RUMXc^KNNc ?RQXKXYc KQcA_SNRUKQIc=c^K@AcU=QIAcRDcSUAXb
X\UAXc =Q@cRYJAUc Y`SAc RDcI=Xc AIc%UIRQc%QRYJAUc SAUXSA?YK]Ac
KXc YRc \XAc @KUA?YN`c YJAc KQ]AUYA@cPK?URXYUKSc NKQAc =Xc YJAc0_cQVu "u
KQc YJAc0'5(c ?RQGI\U=YKRQc YRc D=?KNKY=YAc YJAc KQYAIU=YKRQcRDc YJAc
@KX?J=UIAc KQc RYJAUc4*c YRSRNRIKAXc
%)*7&')3\
6JKXc^RUMc^=XcX\SSRUYA@c>`cYJAc34)5c=Q@cYJAc4BIKRQc0K@Kb
3`UBQBAXc
0/)1\
9":\ 3\ N@ARSON\ ,K;SM;\ NTANN;S\RTA>F\ OUSA\ \""\
9:\ \HARMOUN\ \,RGEANT\ )\/;WAU\3\;KKAE<G\ 7G@AKY\ TUN;=KA\ FGEF[
@u 147\ DKTAR\ USGNE\ PK;SM;\ M;TARG;K\ !\ !NTARN;TGON;K\ 'G>ROX;WA\
1YMPOSGUM\'331\ \"\\ PP\ \';Y\ \
9:\ $\&O\ $\ 1OIOKOC\ 3\;KKAE<G\ $.\ OAUB\ /A>ONDEUR;=KA\ AKA>TROM;E[
NATG>\=;N@\E;P\@AWG>A\USGNE\PK;SM;\;S\;\KO>;KGZA@\TUN;=KA\@ABA>T\PPKGA@\
,FYSG>S\&ATTARS\ WOK\ NO2\ PP2"22"2\ $UN\ \
9:\ *\ 1;J;G\ %\ 3;>FG=;N;\ ,K;SM;S\ ;S\ MAT;M;TARG;KS\ ;\ RAWGAX\ ,K;SM;\
1OUR>AS\ 1>GAN>A\ ;V@\3A>FNOKOEY\ WOK\ NOL\ $;V\ \
92:\ ,\&GN<@;JGS\?\ORE\ 1M;KK1GEN;K\!MPA@;N>A\OB\;\/;@GO\RAQUAN>Y\
,K;SM;\;P;>GTOR\ !\'G>ROX;WA\ ;N@\7GRAKASS\ OMPONANTS\&ATTARS\
WOKL\ NOL\ PP2\ )OW\ \
9:\ $\ *UY;VE\ $\ ;O\ 1\ &G\ Cu ,ANE\ 7\ &G\ Bu /AN\ PPKG>;TGON\ OB\
GS>F<EA\,K;SM;\;S\YN;MG>\1\XGT>F\GN\'G>ROSTRGP\&GNA\!\KA>TRON\
AWG>A\&ATTARS\ WO\ NO\ PP\ A>\ \
9:\ ,\&GN<@;JGS\ \ ORE\ )\ '<TGN\ ,K;SM;=;SA@\ KANS\ BOR\ MG>ROX;WA\
=A;M\ STAARGNE\ KA>TRONG>S\ &ATTARS\ \ WO\ NO\ PP\  \ PR\
\
9:\ \ ARRG\ /\ A\ &AO\ 8	'\ ,RGMG;VG\ ,\ /USSO\ 'A;SURAMANT\ OB\ TFA\
,ROPARTGAS\ OB\ ;\ ,K;SM;\ OKUMN\ 5SA@\ ;S\ ;\ /;@G;TGNE\ KAMANT\ !\
3R;NS;>TGONS\ ON\ !NSTRUMANT;TGON\ ;N@\'A;SURAMANT\ WO2\ NO\ PP
\ A=\ \
9:\ /\ %UM<\ \ OR;\ \ RA>ONDEUR;=KA\ PK;SM;\ ;NTANN;\ $OURN;K\ OB\
PPKGA@\ ,FYSG>S \ WOKL\ NO2\ PP+22\ '<\ \
9:\ \,GZ<RO\ /\,;S>;U@\ *\,;S>;K\ 3\;KKAE<G\ &\&G<@\ W;KU;TGON\ OB\
MG>ROPK;SM;\ @GS>F<EAS\ ;S\ ;>TGWA\ >OMPONANTS\ BOR\ RA>ONDEUR;=KA\ ;NTAN[
N;S\ UROPA;V\ONBARAN>A\ ON\ NTANN;S\ ;V@\ ,ROP;E;TGON\ U,\ \
PP"\ '<\ \
9"":\ / \1T<I\% \1>FOAN=;>F\ GRA>T\ >URRANT\ EKOX\ @GS>F<EAS\ GN\ ;TMO[
SPFARG>\ ;GR\ PPKGA@\ ,FYSG>S\&ATTARS\ WO\ NO2\ PP\ $UN\
\
9:\ %\';J;SFAW;\$'\ ;EAK;<\ $.\OAUB\3\;KKAE<G\&?\,GT>FBOR@\
!ENGTGON\ OB\ 'G>RO>;TFO@A\ 1UST;GNA@\ GS>F<EA\ !\3R;NS;>TGONS\ ON\
,K;SM;\1>GAN>A\ WOK\ NO\ PP\ UE\ \
9:\ '\ &GA=ARM;V\ \ &G>FTAN=ARE\ ,RGN>GPKAS\ OB\ ,K;SM;\ GS>F<EAS\ ;V@\
';TARG;KS\ ,RO>ASSGNE\ $OFN\7GKAY\u1ONS\ !N>\ 2\
c
